Aim To describe buckle-related complications following surgical repair of retinal dialysis. Methods A retrospective study of 28 consecutive cryobuckle procedures for retinal detachments secondary to retinal dialysis is reported, with particular attention directed towards postoperative complications relating to the buckle. Stata 8 statistical software and Fisher's exact test were used to analyse the data. Results Of the 28 cases, anatomic success was achieved with a single procedure in 26 cases (92.9%). Postoperative complications were seen in 20 cases (71.4%), with complications attributable to the buckle noted in 19 (67.9%). Buckle-related complications included exposure (7; 25%), strabismus (5; 17.9%), and infection (3; 10.7%). Surgical removal of the buckle was indicated in 13 cases (46.4%), typically within the first 6 postoperative months. Of these, the retina remained flat following removal of buckle in 12 cases (92.3%), whereas the retina redetached in one case (7.7%). Conclusion Cryotherapy with explant is an effective primary procedure for the surgical repair of retinal detachment secondary to retinal dialysis. However, there is a high rate of postoperative complications relating to the buckle following this surgical approach, although the buckle can be safely removed without compromising the anatomic success of the primary surgery in the vast majority of cases.
Introduction
A retinal dialysis is a detachment of retinal tissue from its origin at the ora serrata. 1 Most, if not all, retinal dialyses follow trauma, and often present months to years after the causative insult. [1] [2] [3] [4] The typical management of a retinal dialysis is a cryobuckle procedure. However, a buckle for this pathology is always circumferential and apposed to the ora serrata, and is typically secured with the intent of giving rise to a particularly deep indent, thus resulting in unique complications relating to the insertion of the extraocular muscles.
In this paper, we report on the functional and anatomic results of 28 cases of retinal dialysis repair over a 4-year period, and describe the complications relating to the buckle. To our knowledge, this article represents the first report that is primarily concerned with buckle-related complications associated with repair of retinal detachments secondary to retinal dialysis.
Materials and methods
All patients who underwent surgical repair of retinal detachment secondary to retinal dialysis in Waterford Regional Hospital between September 2001 and August 2005, inclusive, were identified from the theatre logbooks, and their medical case notes were retrieved. Data were recorded retrospectively for each subject, and was classed as demographic, preoperative, intraoperative, and postoperative.
Preoperative data included: age, sex, eye involved, prior ocular surgery (if any), method of referral, symptoms, visual acuity, nature of trauma (if any), duration of the detachment at presentation, macular status (on or off), location of dialysis, associated ocular pathology, presence or absence of proliferative vitreoretinopathy; and timing and nature of primary procedure. In patients for whom there was no clear history of trauma documented in the medical records, the patient was contacted by phone to obtain a more detailed history of any trauma that may have contributed to the condition.
Intraoperative data included the type and extent of buckle used, the extraocular muscles involved with the buckle, number and type of sutures used to secure buckle, type of anaesthesia; and any intraoperative complications.
Postoperative details included duration of follow-up, complications, additional surgical procedures, final visual outcome, whether or not the procedure was anatomically successful; and timing and reason for failure.
With respect to complications significant enough to warrant buckle removal, Stata 8 statistical software was used to analyse the data, and to estimate relative risk of buckle-related complications with respect to the type of explant used and with respect to the type of procedure performed. Fisher's exact test was used to determine whether any observed differences were significant.
Results
One hundred and sixty patients (165 eyes) underwent surgery for repair of a primary rhegmatogenous retinal detachment during the study period (see Table 1 ). Of these, 28 patients (17%) underwent surgery for retinal detachment secondary to retinal dialysis. There were no cases of bilateral retinal dialysis. The mean (7SD) age of the patients was 30.7 (715.5) years, with a range of 6-63 years. The male-to -female ratio was 4.6 : 1 (23 males and five females), and a definite history of blunt ocular trauma was given in 19 (67.9%) cases ( Table 2 ). The average (7SD) duration of follow-up was 18.3 (711.8) months.
Almost all primary procedures were performed by one consultant ophthalmic surgeon with a special interest in vitreo-retinal surgery (23; 82.1%), and the remainder (5; 17.9%) by a surgeon under his direct supervision. The majority of the dialyses were located inferotemporally (22 eyes; 78.6%), whereas three (10.7%), two (7.1%), and one (3.6%) were located superotemporally, superonasally, and inferonasally, respectively.
The primary procedure consisted of localization of the dialysis, followed by cryotherapy to its posterior edge, using indirect ophthalmoscopy. Then a buckle was sutured to the sclera with 5/0 ethibond, varying in number from two to 10, thus representing a mean (7SD) of 1.26 (70.36) sutures per clock hour. External drainage was performed in six (21.4%) cases and paracentesis performed in five (17.9%) cases.
Details germane to the buckle type, number of sutures used, extent of retinal dialysis, and postoperative complications are given in Table 3 . The most commonly used buckle type was a 5-mm sponge (21; 75%), whereas the remaining cases involved the use of a 3-mm sponge (4; 14.3%), 4 Â 12 mm sponge (1; 3.6%), 277 buckle (1; 3.6%), or 279 buckle (1; 3.6%).
Reattachment of the retina, defined as a retina which was anatomically attached at 3 months postoperatively, 5 was achieved with a single procedure in 26 (92.9%) cases. However, there was one late failure of retinal dialysis repair in a patient where the retina was confirmed to be flat 2 years postoperatively. In this case, the patient was 13 years old, and presented 34 months after the initial retinal reattachment procedure with an extruding buckle. 
Eye
She had a 3-month history of mucopurulent discharge from the operated eye, but repeatedly refused to attend the ophthalmology department sooner for psychosocial reasons. Fundoscopy revealed recurrence of retinal detachment with proliferative vitreoretinopathy. During removal of the buckle, full-thickness scleral necrosis was noted at the site of the buckle, and the surgeon elected to leave the conjunctiva open and to treat with systemic antibiotics. One week later, this patient underwent resuturing of the scleral defect, vitrectomy, encirclement, and endolaser, and this latter procedure was successful.
The macula was attached and detached at presentation in 21 (75%) and seven (25%) eyes, respectively. At final follow-up, an improvement in two or more Snellen lines from presenting acuity was seen in 10 (35.7%) eyes, and 16 (57.1%) of the operated eyes exhibited no change in vision, whereas a deterioration of two or more Snellen lines was seen in two (7.1%) eyes. A final best-corrected visual acuity (BCVA) of 6/12 or better was achieved in 18 (64.3%) eyes, and 10 (35.7%) achieved a BCVA of 6/6 or better in the operated eye. Complications
Intraoperative or postoperative complications were encountered in 21 cases (75%), with some patients (13; 46.4%) experiencing more than one complication. Intraoperative complications included raised intraocular pressure (four; 14.3%), scleral perforation with suture (one; 3.6%), and vitreous haemorrhage (one; 3.6%).
Buckle-related complications were seen in 19 (67.9%) cases, and were represented by symptoms of pain (nine; 32.1%), diplopia (five; 17.9%), and redness (one; 3.6%). Signs of buckle-related complications included exposure of explant (seven; 25%), buckle-related infection (three; 10.7%), conjunctival retraction (three; 10.7%), astigmatism (one; 3.6%), and scleral necrosis (one; 3.6%). Two (66.6%) of the three cases where infection was encountered were associated with exposure of the explant. Buckle-related complications occurred in 14 (66.6%) of the 21 cases where a 5-mm buckle was used, and in five of the seven cases (71.4%) where a buckle other than a 5-mm sponge was used (3-mm sponge (3; 75%); 277 buckle (1; 100%); 279 buckle (1; 100%)). Other postoperative complications included epiretinal membrane formation (three; 10.7%) and proliferative vitreoretinopathy (one; 3.6%) (see Table 4 ).
Removal of the buckle was clinically indicated in 13 (46.4%) cases, and the majority of these (nine; 69.2%) were removed within the first 6 postoperative months. Of these 13 cases, a 5-mm sponge was used in 10 (76.9%), whereas a buckle other than a 5-mm sponge was used in three (23.1%). Supplementary prophylactic indirect laser was deemed necessary and performed in four (30.8%) eyes before removal of the explant. This rate of buckle removal in cases of retinal dialysis is significantly greater than that encountered with cryobuckle procedures for retinal detachments not secondary to retinal dialysis in our unit over the same period, with five of 27 (18.5%) buckles requiring removal in nonretinal dialysis cases (P ¼ 0.044, risk ratio (RR) 2.51, 95% CI: 1.03-6.08). Of note, none of these 27 cases involved the use of a 5-mm sponge.
The most common indication for removal of the buckle following dialysis repair was persistent diplopia (five; 38.5%), whereas the others were removed because of persistent exposure of the explant (four; 30.8%), ocular pain (three; 23.1%), and failure of primary reattachment surgery (one; 7.7%), the buckle in the latter case being replaced during the subsequent secondary reattachment procedure. A summary of other surgical interventions required beyond the primary retinal reattachment surgery is given in Table 5 .
Of the 21 retinal dialysis cases where a 5-mm buckle was used, a complication severe enough to warrant buckle removal was encountered in 10 (47.6%) cases, which is higher than the aforementioned incidence in cases of retinal detachments not secondary to retinal dialysis (five per 27; 18.5%), but the difference was not statistically significant (P ¼ 0.058, RR 2.57, 95% CI: 1.04-6.39). When we restrict our analysis to retinal dialysis cases, we found that there was only a slightly increased risk of buckle removal in cases where a 5-mm sponge was used (10 of 21, or 47.6%), compared with cases in which a buckle of a different size was used (three of seven, or 42.9%), and that this was not statistically significant (P ¼ 0.999, RR 1.11, 95% CI: 0.42-2.92).
The average duration of follow-up after buckle removal was 11.1 months, with 10 (76.9%) of the 13 cases having at least 6 months follow-up. Of the cases where the buckle was removed, the retina redetached in one patient (7.7%). Of note, this was a case in which the primary reattachment procedure was complicated by scleral perforation during suture placement, with a fresh retinal detachment, and subretinal and vitreous haemorrhage, seen on the first postoperative day, and which required repeat reattachment surgery before developing exposure of the explant 2 months later. In this case, a loose and obviously extruding explant was removed at the slit lamp in the outpatient department 8 weeks after the primary surgery, and the retina redetached within the following 3 weeks. Subsequently, this patient underwent vitrectomy, encirclement, and cryotherapy, and this latter procedure was Complications of retinal dialysis repair M James et al successful, with an ultimate best-corrected final visual acuity of 6/24.
Discussion
A retinal dialysis is a tear in the retina, the anterior edge of which is at the ora serrata and the posterior edge of which is attached to the vitreous base. [1] [2] [3] 6 Although sometimes difficult to distinguish from a giant retinal tear, there are several notable differences, including the fact that a posterior vitreous detachment is invariably associated with a giant retinal tear, but is rarely (if ever) seen in association with a retinal dialysis, as well as the finding that the vitreous base is attached to the anterior edge of the retina or ciliary epithelium in eyes with giant retinal tears. 2, 7 Typically, retinal dialysis accounts for 4-10% of all rhegmatogenous retinal detachments, [2] [3] [4] [5] 8, 9 but accounted for 17% of rhegmatogenous retinal detachments in our unit. The high incidence of retinal dialysis in the south-east of Ireland is attributable, at least in part, to the popular regional sport known as hurling. 10 Indeed, 21.4% of retinal dialyses reported here were secondary to hurling-related ocular injury, and this was by far the most commonly cited cause of dialysis in this study.
The typical treatment for retinal dialysis involves cryotherapy to its posterior edge and placement of a circumferential buckle in an attempt to close the break. Unlike other buckling procedures, the explant used in the treatment of a retinal dialysis is always circumferential, and is placed at the ora serrata. Also, and in order to ensure an indent sufficiently deep to close a retinal dialysis, the surgeon typically endeavours to place very tight sutures for buckle placement.
The primary success rate of retinal reattachment in this study was high at 92.9%, with final retinal reattachment achieved in 100%. The deep indent created by securing a 5-mm sponge with very tight sutures may play a role in sealing the dialysis more effectively, thereby leading to a greater success rate following primary reattachment surgery for retinal detachments secondary to retinal dialysis. Indeed, this high rate of success has been noted in previous studies (93-100%). [2] [3] [4] 11 However, there was a high incidence of buckle-related complications (70.8%). One of the most common complications of any buckling procedure is exposure of the explant, with a consequentially increased risk of infection. In our study, buckle extrusion was encountered in seven (25%) cases, and two (28.6%) of these were associated with infection. Fortunately, we determined the overall incidence of infection to be low at 10.7%, but higher than that found in other studies, 1.5-5.6%. [12] [13] [14] [15] [16] An explant-associated abscess responds poorly to antibiotics and represents an indication for removal of the offending buckle. 13 Of note, in our study, two (66.7%) of the three cases of buckle-related infection were identified only during removal of the buckle, revealing the abscesses beneath them.
Buckle-related complications severe enough to warrant removal of the explant occurred in 13 (46.4%) of the 28 retinal dialysis cases. The most common indication for removal was persistent diplopia (38.5%). This high incidence of clinical indications for removal of explants is significantly greater than that seen following cryobuckle procedures for retinal detachments not secondary to retinal dialysis (five of 27, or 18.5%) within our unit over the same period. One possible explanation for this finding may rest on the fact that a large 5-mm sponge sutured to the ora serata gives rise to a higher rate of symptomatic complications, including diplopia, exposure of explant and ocular pain. However, it should be noted that the risk of buckle-related complications warranting removal following surgical repair of retinal dialysis was high for all forms of retinal dialysis surgery, irrespective of the type of buckle used. There is a much lower incidence of buckle removal reported in the literature in cases of retinal detachment surgery not limited to retinal dialysis cases (1.3-24.4%); 13, 14, [17] [18] [19] [20] however, reports of surgical repair of retinal dialysis have primarily focused on visual and anatomical outcomes, and have failed to report or discuss buckle-related complications following this procedure. [1] [2] [3] [4] [6] [7] [8] [9] 11 In other words, it is difficult for us to make any meaningful comment on our high rate of buckle-related complications following surgical repair of retinal dialysis.
Although removal of a scleral buckle can often be accomplished without much surgical difficulty, there is a risk of retinal redetachment, with reports varying from 3.2 to 34%. 13, [16] [17] [18] [19] [21] [22] [23] In this study, there was a low rate of retinal redetachment following removal of buckle (7.7%), and, as mentioned previously, this case was remarkable owing to its complicated primary reattachment surgery, with globe perforation following suture placement. Also, as the buckle was obviously extruding in this particular case to such a degree that it could be safely and painlessly removed at the slit lamp, it is doubtful that this explant was creating an indent sufficient to contribute to a successful surgical outcome, or that its removal actually contributed to retinal redetachment. Cases were followed up for an average of 10.6 months following buckle removal, with 76.9% of cases having at least 6 months follow-up. It has been suggested that 6 months follow-up is adequate to identify cases of retinal detachment following buckle removal, as most cases that redetach will do so during this period, 21, 22 with the highest rate of redetachment occurring within the first 30 days. 21 Complications of retinal dialysis repair M James et al
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Risk of retinal redetachment following removal of a scleral explant is reportedly increased in the following instances: relatively short interval between the primary retinal detachment repair and removal of the buckle; 22 the presence of retinal tears, as opposed to holes; 22 if there are no breaks identified at the time of the primary reattachment surgery; 17 the presence of vitreous traction at the time of the initial retinal detachment surgery; 21, 22 and greater extent of the original retinal detachment. 21 It is possible that retinal dialysis repair is unlike other types of retinal detachment surgery, with uncomplicated cases having a much lower rate of redetachment following buckle removal.
In conclusion, there is a high rate of buckle-related complications following surgical repair of retinal detachment secondary to retinal dialysis. However, the buckle can be safely removed in the majority of cases, with or without supplementary laser retinopexy. It is possible that the use of a smaller explant may result in a lower incidence of postoperative buckle-related complications, but that a consequentially less substantial indent associated with the use of a smaller buckle may compromise the surgical success rate of primary reattachment surgery for retinal dialysis repair.
